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We examined how ﬁgure-ground segmentation occurs across multiple regions of a visual array during a
visual search task. Stimuli consisted of arrays of black-and-white ﬁgure-ground images in which roughly
half of each image depicted a meaningful object, whereas the other half constituted a less meaningful
shape. The colours of the meaningful regions of the targets and distractors were either the same (congru-
ent) or different (incongruent). We found that incongruent targets took longer to locate than congruent
targets (Experiments 1, 2, and 3) and that this segmentation-congruency effect decreased when the num-
ber of search items was reduced (Experiment 2). Furthermore, an analysis of eye movements revealed
that participants spent more time scrutinising the target before conﬁrming its identity on incongruent
trials than on congruent trials (Experiment 3). These ﬁndings suggest that the distractor context inﬂu-
ences target segmentation and detection during visual search.
 2014 Elsevier B.V. All rights reserved.1. Introduction
The present work was initially motivated by a consideration of
the perceptual task of ﬁnding objects in real world settings.
Amongst various other processes, searching in the real world
necessitates segmenting objects (i.e., ﬁgures) from their back-
grounds in each region of the search environment the viewer con-
siders. In cluttered everyday environments, the segmentation of
ﬁgures from the background, as described by the Gestalters (e.g.,
Rubin, 2001; see also Katz, 1951), is seemingly far from trivial. In
the present experiments, using search stimuli that required ﬁg-
ure-ground segmentation for the purpose of target and distractor
identiﬁcation, we examined whether search for, and identiﬁcation
of, a ﬁgure-ground target image is inﬂuenced by the way that sur-
rounding distractors are segmented into ﬁgures and grounds.
Our experiments clearly fall at the intersection of two litera-
tures – the visual search literature and ﬁgure-ground segmentation
literature. In some very important ways, these two literatures have
developed along quite different lines. In many laboratory studies of
visual search, ﬁgure-ground segmentation is simpliﬁed by present-
ing clearly individuated objects (e.g., letters) on homogeneousbackgrounds (e.g., uniform grey). Although these studies have pro-
vided valuable information about the inﬂuence of object features
on search performance (e.g., Duncan & Humphreys, 1989; Treis-
man, 1982; Treisman & Gelade, 1980; Wolfe, 1994), they are nec-
essarily silent on the contribution that ﬁgure-ground
segmentation makes to search performance. In contrast, studies
exploring the principles of ﬁgure-ground segmentation have typi-
cally eliminated or trivialized any search processes by presenting
only a single ﬁgure-ground stimulus or efﬁciently attracting peo-
ple’s attention to the region they are to evaluate as ﬁgure or ground
(e.g., Peterson & Gibson, 1993).
One notable exception to the foregoing generalisation is a study
reported by Hulleman and Humphreys (2004) in which a visual
search task was employed to examine principles of ﬁgure-ground
segmentation. In this study, participants were presented with dis-
plays consisting of alternating upright and inverted pyramids, with
each pyramid being made up of horizontal rectangles of variable
lengths. The upright and inverted irregular pyramids appeared as
if they were interlocking. The display included two colours, with
the upright pyramids sharing one colour and the inverted pyra-
mids sharing the other colour. As such, the displays could be per-
ceived either as consisting of upright pyramids against a uniform
background or as consisting of inverted pyramids against a uni-
form background. In the search task, participants were required
to search for the unique symmetrical pyramid among other asym-
metrical pyramids that served as distractors. Participants were
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striking result was that upright target pyramids were found faster
and with greater accuracy than inverted target pyramids. This re-
sult has implications for both ﬁgure-ground segmentation and vi-
sual search. With regard to ﬁgure-ground segmentation, the
ﬁnding suggests that observers preferentially parse the upright
pyramids as ﬁgures and the inverted pyramids as ground, thus
supporting the conclusion that ‘‘top-bottom polarity’’ is a cue for
ﬁgure-ground segmentation. With regard to visual search, the ﬁnd-
ing suggests that the objects of search are dependent on ﬁgure-
ground segmentation processes differentiating them as ﬁgures,
and that if a target region is predisposed to be parsed as ground,
it becomes more difﬁcult to identify as a target of search.
In addition to the study by Hulleman and Humphreys (2004),
which effectively combined the visual search and ﬁgure-ground lit-
eratures, there is also a notable commonality between the two lit-
eratures: namely, both literatures address the issue of context
effects in perception. In the ﬁgure-ground segmentation literature,
several studies have now clearly demonstrated that separation of a
ﬁgure from the background depends not only on local elements
deﬁning the ﬁgural object, such as closure (e.g., Kovacs & Julesz,
1993; for comprehensive lists see Fowlkes, Martin, & Malik,
2007; Harrower, 1936; Palmer, 1999), but also on the other ele-
ments present in the periphery of the scene (Lamme, 1995; Peter-
son & Salvagio, 2008). For instance, using a perceptual judgment
task, Peterson and Salvagio (2008) found that an area deﬁned by
a convex edge was more likely to be judged as a ‘ﬁgure’ as the
number of adjacent alternating convex and homogenously-col-
oured concave edges increased. This led them to conclude that ‘‘ﬁg-
ure-ground determinations at a single edge are inﬂuenced by
ﬁgure-ground determinations at distant disconnected edges’’ (Pet-
erson & Salvagio, 2008, p. 9). In other words, it appears that the
way ﬁgure-ground segmentation unfolds in one region of the vi-
sual ﬁeld can form a context that may inﬂuence ﬁgure-ground seg-
mentation in another region.
Context effects also play an important role in visual search. In
fact, the study of visual search is often effectively – though not of-
ten framed as such – a study of context effects. Studies of visual
search typically vary the relation between a target and a set of dis-
tractors (such as the visual similarity of targets and distractors;
Duncan & Humphreys, 1989), and examine how this inﬂuences
detection or identiﬁcation of the target. Thus, the distractors serve
as the context in which the target is detected. One of the chief goals
of visual search studies is to describe important context effects rel-
evant for search, for instance, showing that a long line among short
lines is more easily found than a short line among long lines, and
that this difference increases with the number of contextual dis-
tractors (Treisman & Gormican, 1988; Experiments 1 and 1a). Iden-
tifying these ‘context effects’ in visual search is important because
they provide constraints for theories about the processes underly-
ing search. The foregoing example of searching for lines of different
lengths, for instance, led to the proposal that the early visual sys-
tem includes feature maps that guide attention, and that these fea-
ture maps contain information about the presence but not the
absence of features (Treisman & Gormican, 1988). Other ﬁndings
suggest that during visual search distractor items can provide con-
textual information that can inﬂuence how a search target is visu-
ally interpreted (Rauschenberger et al., 2004). Thus, visual search
provides a useful tool for studying context effects, and the resulting
context effects are informative about the nature of underlying
search mechanisms.
1.1. The present study
In the present experiments, using search stimuli that required
ﬁgure-ground segmentation for the purpose of target and distrac-tor identiﬁcation, we examined whether the segmentation of con-
textual distractors inﬂuenced the segmentation and detection of a
target item during visual search. In our task, we had participants
search a matrix of black-and-white Gestalt ﬁgure-ground images.
Some of these images were reproduced from previous work (Gib-
son & Peterson, 1994; Peterson et al., 1998; Peterson & Gibson,
1991, 1993, 1994b; see ‘‘Research’’ tab at http://www.u.ari-
zona.edu/~mapeters/), others were generated by the authors, and
additional images were found and modiﬁed by the authors. Fig. 1
illustrates some examples of ﬁgure-ground images used in our
experiments. In each image, one of the two regions (either the
black or white region), approximately equal in size, depicted a
meaningful object, whereas the other region depicted a less mean-
ingful shape (Gibson & Peterson, 1994; Peterson et al., 1998; Peter-
son & Gibson, 1991, 1993, 1994b). For example, in Fig. 1, the image
on the left depicts a black boat on a white background, whereas the
image on the right depicts a white tree on a black background. We
used images such as these because it has been shown that regions
depicting a meaningful object are rapidly perceptually segmented
as ﬁgures, while regions depicting less meaningful shapes are seg-
mented as background (see Gibson & Peterson, 1994; Peterson
et al., 1998; Peterson & Gibson, 1991, 1993, 1994b). While we
manipulated meaningfulness of the two regions in each image,
we left other ﬁgural cues that may affect ﬁgure-ground assignment
to vary (e.g., symmetry, Peterson & Gibson, 1994a; top-bottom
polarity, Hulleman & Humphreys, 2004). For the search task, par-
ticipants were instructed to locate a pre-speciﬁed target image
embedded in a matrix of distractors. Presenting numerous ﬁgure-
ground images in a matrix created the opportunity for segmenta-
tion to occur in multiple regions of the search array (until the tar-
get was found).
The critical manipulation in each of our experiments was the
colour-congruency of the target and distractor images. For each
trial, the meaningful regions in all of the distractor images were
the same colour (i.e., the regions depicting a meaningful object
were either all white or all black), whereas the colour of the mean-
ingful region in the target image was either the same as (congruent
trials) or different than (incongruent trials) the colour of the mean-
ingful regions of the distractor images. In other words, on a congru-
ent trial, the meaningful region in all of the images (target and
distractors) was the same colour (e.g., black). In contrast, on an
incongruent trial, the meaningful region of all distractor images
was the same colour (e.g., black) whereas the meaningful region
of the target was the opposite colour (e.g., white).
This experimental design allowed us to assess the possibility –
consistent with previous demonstrations of contextual effects on
ﬁgure ground segmentation (Peterson & Salvagio, 2008; see also
Lamme, 1995) – that the ﬁgure-ground segmentation of the dis-
tractors on a given trial might inﬂuence detection of the target
item on that trial. On this view, as the participant searches the dis-
play, parsing might be increasingly inﬂuenced by the repeated
exposure to, and parsing of, the distractors, since all of the mean-
ingful regions of the distractors have the same colour. Speciﬁcally,
if the meaningful regions of all the distractors are white, white re-
gions might be more likely to be parsed as the expected ﬁgure.
Conversely, if meaningful regions in all the distractors are black,
black regions might be more likely to be parsed as the expected ﬁg-
ure. If this way of parsing distractors is applied to the target item, it
may inﬂuence target recognition such that segmentation of the tar-
get is affected not only by the relative meaningfulness of the two
target regions, but also by the parsing bias acquired while viewing
the distractors. On congruent trials, the meaningfulness cue to ﬁg-
ural segmentation and the bias created by parsing distractors
would favour the same region to be segmented as ﬁgure (i.e., the
region depicting a meaningful object), thus leading to a relatively
effective segmentation of the target. In contrast, on incongruent
Fig. 1. Sample search items used in all three experiments, depicting a black boat on a white background (left), and a white tree on a black background (right).
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target to be parsed as ﬁgure, whereas the distractor context fa-
vours the ‘non-object’ region of the target to be parsed as ﬁgure,
thereby leading to a conﬂict during parsing. Consequently, if dis-
tractor parsing inﬂuences segmentation of the target during
search, incongruent targets should take more time to detect than
congruent targets.
We should also consider an alternative possibility: namely, that
all ﬁgure-ground stimuli in our displays may be parsed indepen-
dently of each other. This leads to two distinct possible outcomes.
If items are parsed independently of each other and in a serial
manner, detection of the target should be unaffected by our con-
gruency manipulation. However, if items are parsed independently
and pre-attentively, then targets in our task might actually be de-
tected faster on incongruent trials than on congruent trials. This
latter outcome might occur because ﬁgure-ground segmentation
is known to occur early in perception and prior to the engagement
of attention and awareness. For instance, Lamme’s (1995) studies
of ﬁgure-ground related activation in monkeys showed that ﬁg-
ure-related increases in single-cell activity occurred less than
50 ms after the cell began to respond to the ﬁgure-ground stimu-
lus, and this activity was measured from cells involved in early vi-
sual processing (area V1 corresponding to the striate cortex).
Furthermore, a study of a patient with unilateral neglect of the left
side of space (Driver, Baylis, & Rafal, 1992) showed that visual ele-
ments in the neglected ﬁeld were successfully arranged into ﬁg-
ures and ground, even when the patient failed to become aware
of the resulting ﬁgures. Finally, a recent series of studies reported
by Kimchi and Peterson (2008) showed that changes to a focal tar-
get are more easily detected when they are presented against a re-
gion that simultaneously changes from ﬁgure to ground, even
though participants are completely unaware of the change in the
region against which the target was presented. Taken together
these ﬁndings suggest the possibility that on incongruent trials,
based on rapid, pre-attentive parsing, the observer will effectively
see a uniquely coloured target-object against homogeneously col-
oured distractor-objects, leading to rapid detection. On congruent
trials, however, responses should be slower because the target-ob-
ject will be hidden among similarly coloured distractor-objects.
In summary, we present three experiments investigating ﬁgure-
ground segmentation during visual search. First, we placed mean-
ingfulness of targets’ regions in conﬂict with that of the distractors
to determine whether incongruent targets took longer to locate
than congruent targets (Experiment 1). We then manipulated the
number of distractors on-screen to evaluate whether any differ-
ence between congruent and incongruent trials changed as a func-
tion of the number of distractors (Experiment 2). Finally, we
collected eye-movement data to determine whether the way inwhich distractors are parsed inﬂuences the pattern of eye ﬁxations
during search (Experiment 3).2. Experiment 1
2.1. Introduction
In Experiment 1, we examined whether the parsing of distrac-
tors inﬂuences subsequent target localisation. In this experiment,
participants localised congruent and incongruent target images
in search displays comprised of 16 ﬁgure-ground search stimuli.
Since many of our stimuli were novel – with the exception of a
few (see Gibson & Peterson, 1994; Peterson et al., 1998; Peterson
& Gibson, 1991, 1993, 1994b) – we ﬁrst wanted to conﬁrm that
observers did indeed view the intended meaningful region of each
image as the ﬁgure. To do this, we began each session with a ﬁgure
judgment task for which we presented each image individually and
asked observers to identify the meaningful region of each image.
The search task was administered immediately after the ﬁgure
judgment task was completed.
2.2. Method
2.2.1. Participants
Forty-ﬁve undergraduate students (27 female, 18 male) from
the University of Waterloo participated in the experiment, fulﬁlling
a course requirement or a bonus component for a course they were
currently enrolled in. None of the participants reported problems
with their vision or an inability to clearly view the displays.
2.2.2. Apparatus
The experiment was constructed using MATLAB and the Psy-
chophysics Toolbox (Brainard, 1997; Pelli, 1997), and run on an Ap-
ple mini, with OS X 10.6.6 and a 2.4 GHz Intel Core 2 Duo
processor. Search displays were presented on a 2400 Philips 244E
monitor at a resolution of 1920 by 1080. Participants were seated
approximately 60 cm from the display screen.
2.2.3. Search items
Each search item consisted of a square containing a black and a
white region, roughly equal in area (i.e., meaningful region:
M = 49%, SD = 6.24%, t(20) = .71, SE = 1.36, p = .484) and separated
by a luminance edge. In each image, either the black or white shape
denoted a familiar/meaningful object (i.e., the ﬁgure), whereas the
other shape did not depict a known object (i.e., the ground).
Roughly half of the boundary edge of each image was associated
with the meaningful region, whereas the other half was associated
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lated the two sides of each item based on familiar conﬁguration/
meaningfulness, we did not control for other cues known to affect
ﬁgure-ground assignment (such as convexity). Items on a given
trial were randomly generated from a list of 42 potential search
items, categorised into two sets of 21 unique images: A set of black
meaningful ﬁgures on white backgrounds, and a matching set of
white meaningful ﬁgures on black backgrounds.2.2.4. Figure judgement task displays
On each trial, an image was presented in the centre of a grey-
background (greyscale: 128) screen. Each image subtended a visual
angle of approximately 7.2 vertically andhorizontally, andwaspre-
sented for 1500 ms. Fixation crosses appeared for 500 ms, subtend-
ing 2.2 (vertically and horizontally), before and after the item was
shown (i.e., ﬁxation, item, ﬁxation), after which participants were
presented with a forced-choice question asking them which region
(the black or the white) they thought depicted a meaningful ﬁgure.2.2.5. Search task displays
Three types of displays were used in the search task: a target
display, a search display, and a localisation display. In each display,
items were shown on a grey-background screen (greyscale: 128).
Target displays were presented for 1500 ms and depicted a target
item, subtending approximately 7.2, to be found within a given
trial. Fixation crosses appeared for 500 ms, subtending approxi-
mately 2.2, both before and after the target display, followed by
presentation of the search array containing the target and 15 dis-
tractor items. Items in the search display were distributed in a
ﬁxed four by four array, separated from one another by approxi-
mately 1.2. Each item within the search array subtended approx-
imately 6.2. Upon presentation, images were randomly reﬂected
about the vertical axis (the target was always in the same orienta-
tion in both target display and search display on a given trial).
Restrictions were implemented to prevent duplication of images
within a given trial, so that each trial contained all unique images,
regardless of ﬁgure-ground shading. In the localisation display, a
blue (rgb: 0 0 100) rectangular placeholder was placed over each
search item (shown in Fig. 2 as black).2.2.6. Procedure
Participants completed two tasks: (1) the ﬁgure judgement task
and (2) the subsequent visual search task. Each trial of the ﬁgure
judgement task consisted of a target display, depicting one of the
42 potential images in isolation. Participants were then shown a
screen asking them to indicate whether they thought the black
or white region of the image depicted a meaningful ﬁgure. This
screen was displayed until a response was made via a button press
for either black or white, with these response choices presented at
the bottom left and right corners of the screen, respectively. Once a
response was made, the trial was terminated.Fig. 2. An example of the display sequenceOn the subsequent search task, participants completed 84 ran-
domized trials, intermixing 42 congruent trials (i.e., 21 trials con-
taining targets and distractors with black ﬁgures, and 21 with
white ﬁgures) and 42 incongruent trials (i.e., 21 black-ﬁgured tar-
gets with white-ﬁgured distractors, and 21 white-ﬁgured targets
with black-ﬁgured distractors). Each trial began with a target dis-
play followed by a search display. Participants made a speeded
detection responsebypressing the spacebar, atwhichpoint all items
were covered by a blue placeholder and participants made a locali-
sation response using themouse to click the (now covered) location
of the display where the target image appeared (see Fig. 2). In this
way we collected both response times and accuracy for each trial.
2.3. Results
2.3.1. Figure judgement task
To indicate whether participants were viewing each item with
the intended ﬁgure-ground assignment, responses were tested
using a one-sample t-test (against chance = 50%) for both black
and white meaningful ﬁgures. Participants were able to correctly
identify both the black (M = 90%) and white (M = 91%) meaningful
ﬁgures signiﬁcantly above chance; t(44) = 38.11, SE = 1.06, p < .001,
and t(44) = 37.29, SE = 1.11, p < .001, respectively.
2.3.2. Correct response times
Response times (RTs) were recorded as the time taken to make a
key press during the search display. Trials on which participants
failed to correctly identify the target in the localisation display
were removed from analysis. Data were analysed to compare RTs
on congruent and incongruent trials (Fig. 3) using a paired-samples
t-test. Participants took signiﬁcantly longer to locate the target im-
age on incongruent trials (M = 2332 ms) compared to congruent
trials (M = 2106 ms), t(44) = 2.91, SE = 77.58, p = . 006.
2.3.3. Errors
Errors were determined from participants’ responses to the
localisation display. Error rates were tested using a paired-samples
t-test. Participants made few errors on both congruent (M = 4.2%)
and incongruent (M = 3.9%) trials, with no signiﬁcant difference be-
tween trial type, t(44) = 0.35, SE = 0.75, p = .728 (see Fig. 3).
2.4. Discussion: Experiment 1
The results from Experiment 1 demonstrate that participants
were much slower to locate a target item on incongruent trials
than on congruent trials (an effect we will refer to as the segmen-
tation-congruency effect). This ﬁnding lends support to the notion
that target detection during search might be inﬂuenced by the
way in which distractor items are segmented. That is, when pro-
cessing the target on incongruent trials, there is a conﬂict between
segmentation on the basis of meaningfulness (i.e., recognisability)
and segmentation on the basis of colour similarity to previouslyfor an incongruent experimental trial.
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gruent trials slows detection time relative to congruent trials
where no such conﬂict exists.3. Experiment 2
3.1. Introduction
Having demonstrated a segmentation-congruency effect with
our ﬁgure-ground search stimuli, we next evaluated whether the
segmentation-congruency effect depends on the number of dis-
tractors in the search display. To this end, we examined search in
16-item displays (as in Experiment 1) and in eight-item displays,
keeping the total number of items well above the subitizing range
(i.e., 1–4 items; Kaufman et al., 1949). We suspected that decreas-
ing the number of distractors in the display might reduce the seg-
mentation-congruency effect. One possibility is that reducing the
total number of distractors would likewise reduce the average
number of distractors inspected prior to inspecting the target. Con-
sequently, the tendency to parse items based on colour similarity
might be reduced, leading to a smaller segmentation-congruency
effect as set-size is decreased.
Given that, in Experiment 1, performance on the ﬁgure judge-
ment task was high, conﬁrming people reliably recognised the
meaningful regions of the search images, we excluded the ﬁgure
judgement task from Experiment 2. We also note that whereas in
Experiment 1 the items were always adjacent in the matrix, in
Experiment 2 we opted to control for eccentricity across set-sizes
– thereby necessarily removing this strict adjacency for the smaller
set-size. To ensure that this non-adjacency was not itself the
source of set-size differences, in Experiment 2 we presented items
in a ﬁve by ﬁve matrix, so that even at the larger set-size the search
items were not all adjacent to each other.
3.2. Method
3.2.1. Participants
Forty-seven undergraduate students (34 female, 13 male) from
the University of Waterloo participated in the experiment, fulﬁlling
a requirement or bonus component for a course they were cur-
rently enrolled in. None of the participants reported problems with
their vision or an inability to clearly view the display. Two partic-
ipants were dropped from subsequent analyses due to a 100% error
rate and not being able to understand task instructions, and there-
fore, data were analysed for 45 participants.
3.2.2. Apparatus
This experiment was programmed in Python 2.6 using the py-
game library, and run on an Apple mini, with OS X 10.6.6 and a2.4 GHz Intel Core 2 Duo processor. Search displays were presented
on a 24’’ Philips 244E monitor at a resolution of 1920 by 1080. Par-
ticipants were seated approximately 60 cm from the display
screen.
3.2.3. Search items
The search items were identical to those used in Experiment 1.
3.2.4. Search displays
Displays were similar to those used in Experiment 1, with sev-
eral parameter revisions to facilitate a set-size manipulation. The
search display now consisted of a ﬁve by ﬁve array, such that for
both eight and 16 item trials, some array locations were not occu-
pied by search items. Target displays and search displays now pre-
sented items subtending a visual angle of approximately 5.2
(localisation displays adjusted accordingly), with item separated
from one another by approximately 0.5 of visual angle.
3.2.5. Procedure
This experimentwas conducted along the same lines as the search
portion of Experiment 1, excluding the initial recognition-check task.
Participants completed 168 randomized trials, intermixing 84
congruent trials (i.e., 42 trials containing targets and distractors with
black ﬁgures, and 42 with white ﬁgures) and 84 incongruent trials
(i.e., 42 trials of black-ﬁgured targets with white-ﬁgured distractors,
and 42 trials of white-ﬁgured targets with black-ﬁgured distractors).
An equal number of eight-item and 16-item trials were included for
each congruency-by-colouring condition.
3.3. Results
3.3.1. Correct response times
RT data were tested using a repeated-measures analysis of var-
iance (ANOVA) comparing Congruency (Congruent, Incongruent)
and Set-Size (8,16). A main effect for Congruency,
F(1,44) = 14.98, MSE = 39804.67, p < .001, g2p = .254, was found,
replicating the basic segmentation-congruency effect found in
Experiment 1. We also observed a standard main effect for Set-Size,
F(1,44) = 284.19, MSE = 102851.57, p < .001, g2p = .866, common in
many search tasks. Critically, we found a signiﬁcant Congruency
by Set-Size interaction, F(1,44) = 5.05, MSE = 42508.80, p = .03,
g2p = .103.
This interaction was further tested using paired-samples t-tests
comparing congruent and incongruent trials for each of the two
set-sizes. At set-size eight, no signiﬁcant difference between con-
gruent (M = 1396 ms) and incongruent (M = 1442 ms) trials was ob-
served, t(44) = 1.61, SE = 28.61, p = .115. However, at set-size 16 (as
was the case in Experiment 1), the congruency effect emerged, such
that search on congruent trials (M = 2133 ms) was signiﬁcantly fas-
ter than search on incongruent trials (M = 2317 ms), t(44) = 3.46,
SE = 53.29, p = .001 (see Fig. 4).
3.3.2. Errors
Errors were analysed with a repeated-measures ANOVA com-
paring Congruency (Congruent, Incongruent) and Set-Size (8,16).
The ANOVA revealed a main effect for Set-Size, F(1,44) = 13.10,
MSE = 13.53 , p = .001, g2p = .229, but no main effect for Congruency,
F(1,44) = 0.13, MSE = 11.85, p = .72, g2p = .003. There was, however,
a signiﬁcant Congruency by Set-Size interaction, F(1,44) = 6.00,
MSE = 11.59, p = .018, g2p = .120.
To examine this interaction, paired-samples t-tests were con-
ducted comparing congruency at set-size eight and 16 separately.
There was a small yet signiﬁcant difference in errors between con-
gruent (M = 3.5%) and incongruent trials (M = 2.1%) for the eight
item set-size, t(44) = 2.41, SE = 0.59, p = .02, but no signiﬁcant
difference in errors between congruent (M = 4.2%) and incongruent
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Fig. 4. Response times and percent errors (in brackets) for displays containing 8
and 16 items. The error bars reﬂect one standard error of the mean.
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p = .209 (see Fig. 4). We refrain from speculating about the statisti-
cally signiﬁcant difference between congruent and incongruent tri-
als at the smaller set-size because the difference is very small (only
1.4%) and because it does not undermine our interpretation of the
congruency by set-size interaction found in the RT data.1
3.4. Discussion: Experiment 2
In Experiment 2, we found that the segmentation-congruency
effect changed as a function of the number of items in the display.
In particular, we replicated a robust segmentation-congruency ef-
fect when there were 16 images in the search displays but we did
not ﬁnd this effect when there were only eight images in the search
display. These results suggest that as the number of distractors de-
creases, target parsing is less inﬂuenced by the colour similarity of
the target’s regions to the ﬁgure (or ground) colour of the distrac-
tors. In other words, when there are fewer distractors in a display,
colour similarity to distractors is less likely to override ﬁgure-
ground segmentation of the target based on meaningfulness. In-
deed, at our smaller set-size, we did not detect any inﬂuence of col-
our similarity on target segmentation. It is also worth noting that
the segmentation-congruency effect does not seem to require that
the ﬁgure-ground objects be presented adjacent to each other. In
Experiment 1, we presented participants with 16 items adjacent
to one another, ﬁlling each location of the four by four search array.
Similarly, in Experiment 2, we also presented participants with 16
items; however, on each trial there were nine empty locations in
the ﬁve by ﬁve search array. Despite this difference, we still ob-
served a similar congruency effect with 16 items in both experi-
ments (Experiment 1: 226 ms, Experiment 2: 184 ms).
4. Experiment 3
4.1. Introduction
In Experiments 1 and 2, we observed that (1) participants took
longer to detect the target items on incongruent trials relative to
congruent trials (i.e., the segmentation-congruency effect), and
(2) this congruency effect was present only at the larger set-size.
In Experiment 3, we sought to unpack this segmentation-congru-
ency effect by tracking participants’ eye movements as they
searched a four by four (16 item) array of ﬁgure-ground images.21 A repeated measures ANOVA was conducted for inefﬁciency scores which correct
for speed-accuracy trade-offs (calculated as RT over accuracy). This analysis produced
a main effect for Set-Size, Congruency, and a signiﬁcant Set-Size by Congruency
interaction.
2 Given that, in Experiment 2, the segmentation-congruency effect was not present
at the smaller set-size of 8 items, and item adjacency was not a necessary component
for the congruency effect to take place, in Experiment 3, we decided to use the same
display parameters from Experiment 1.First, we investigated whether the congruency effect was evident
in general ﬁxation behaviour, such as the overall number of, or dura-
tion of, ﬁxations. We next looked at whether the congruency effect
was present in the time taken to initially ﬁxate the target item, or
conversely, in the time taken to make a response after this initial ﬁx-
ation. Lastly, we conducted more reﬁned analyses, examining
whether the congruency-effect was the result of missing the target
and continuing search (re-ﬁxating the target some time later), or
spending more time scrutinising the target item in order to identify
it.
4.2. Method
4.2.1. Participants
Forty-eight undergraduate students (35 female, 13 male) from
the University of Waterloo participated in the study. This fulﬁlled
a requirement or bonus component for a course they were cur-
rently enrolled in. None of the participants reported problems with
either their vision or clearly viewing the displays. Three partici-
pants were dropped from subsequent analyses due to corrupted
eye tracking data.
4.2.2. Apparatus
This experiment was constructed using MATLAB programming
language and the Psychophysics Toolbox (Brainard, 1997; Pelli,
1997), and run on an Apple mini, with OS X 10.6.6 and a 2.4 GHz
Intel Core 2 Duo processor. Search displays were presented on a
1900 Dell 1905FP monitor at a resolution of 1280 by 1024. Partici-
pants were seated approximately 65 cm from the display screen,
with their heads stabilized by a padded chin-rest. Eye movements
were recorded at 1000 Hz using an SR Research EyeLink 1000. The
instantaneous velocity and acceleration of the eye were calculated
online for consecutive samples, and saccades were identiﬁed using
a velocity threshold of 30/s and 8000/s for acceleration (as well as
a motion threshold of 0.15). Saccade duration was calculated
when instantaneous eye movements fell below these thresholds.
Fixation durations were calculated as the total amount of time be-
tween saccades, if the pupils were present (i.e., not occluded by the
eyelid; EyeLink 1000 User Manual, SR Research Ltd., 2010).
4.2.3. Search items
The search items were identical to those used in Experiment 1
and 2.
4.2.4. Search displays
Displays were the same as those used in Experiment 1. Target
displays presented a target item subtending approximately 6.6,
and ﬁxation crosses subtended approximately 2.0 of visual angle.
Search displays presented items subtending a visual angle of
approximately 5.7 with a separation of approximately 1.1 be-
tween items.
4.2.5. Procedure
With the exception of the use of eye-tracking, this experiment
was identical to the search portion of Experiment 1. Participants
completed 84 randomized trials, intermixing 42 congruent trials
(i.e., 21 trials containing targets and distractors with black ﬁgures,
and 21 with white ﬁgures) and 42 incongruent trials (i.e., 21 black-
ﬁgured targets with white-ﬁgured distractors, and 21 white-ﬁg-
ured targets with black-ﬁgured distractors).
4.3. Results
4.3.1. Correct response times
Datawere analysed using a paired-samples t-test comparing RTs
on congruent and incongruent trials (Fig. 3). The segmentation-
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signiﬁcantly longer to locate the target item on incongruent
(M = 2313 ms) than on congruent trials (M = 2168 ms),
t(44) = 2.05, SE = 70.66, p = .047.
4.3.2. Errors
A paired-samples t-test was conducted to determine whether
target identiﬁcation error rates differed as a function of congru-
ency. Results indicated that there was no difference in error rates
between congruent (M = 3.0%) and incongruent trials (M = 3.1%),
t(44) = 0.06, SE = 0.88, p = .952 (see Fig. 3).
4.3.3. Overall number of ﬁxations, ﬁxation durations, and viewing time
To better understand the observed congruency effect, we began
by comparing two broad measures of ﬁxation behaviour on con-
gruent and incongruent trials: the overall number of ﬁxations
and the average ﬁxation duration for each trial. Trials in which par-
ticipants failed to correctly identify the target item, or trials in
which there were no valid eye tracking data, were excluded from
all subsequent eye analyses. Using paired-samples t-tests, we
found no signiﬁcant difference in the mean number of ﬁxations
made during search on congruent (M = 8.34) compared to incon-
gruent trials (M = 8.65), t(44) = 1.00, SE = 0.31, p = .321. There was
a non-signiﬁcant, although marginal increase in average ﬁxation
duration on incongruent trials (M = 330 ms) compared to congru-
ent trials (M = 319 ms), t(44) = 1.79, SE = 6.38, p = .081. When con-
sidered independently, neither of these measures appropriately
accounted for the congruency effect observed in RTs. Rather than
being present in one measure or the other, the effect emerges as
a result of subtle increases in both of these measures. Indeed, when
we computed the total viewing time for each trial (i.e., a composite
RT taken as the product of the total number of ﬁxations  average
ﬁxation duration) the result was a faster average viewing time for
congruent trials (M = 2174 ms) than for incongruent trials
(M = 2322 ms), t(44) = 2.45, SE = 60.54, p = .018.
4.3.4. Time to ﬁrst target ﬁxation and time from ﬁrst target ﬁxation to
response
We next explored whether the congruency effect found in the
total viewing time occurred in the time taken to initially ﬁxate
the target (i.e., time to ﬁrst target ﬁxation), or in the time from
the initial ﬁxation of the target to the termination of the trial
(i.e., time from ﬁrst target ﬁxation to response). There was no sig-
niﬁcant difference in the time to ﬁrst target ﬁxation between con-
gruent (M = 1376 ms) and incongruent trials (M = 1369 ms),
t(44) = .14, SE = 47.44, p = .889. However, the congruency-effect
did emerge in the time between the ﬁrst ﬁxation of the target item
and the detection response terminating the trial, with incongruent
trials taking longer to terminate (M = 960 ms) than congruent trials
(M = 799 ms), t(44) = 2.99, SE = 53.84, p = .005.
4.3.5. Target ﬁxations
Having localised the congruency effect to the time from the ini-
tial ﬁxation of the target to the end of the trial, we next evaluated
whether this difference was the result of differences between con-
ditions in (1) the time inspecting the target, or (2) the rate of target
misses and reﬁxations. Paired-samples t-tests revealed that partic-
ipants spent signiﬁcantly longer viewing the target on incongruent
trials (M = 563 ms) than on congruent trials (M = 490 ms),
t(44) = 6.60, SE = 11.09, p < .001. This appeared to be the result of
making more ﬁxations on the target item on incongruent trials
(M = 2.28) than on congruent trials (M = 2.09), t(44) = 3.92,
SE = .05, p < .001; there was no signiﬁcant difference between con-
ditions in average ﬁxation duration for target items (M = 554 ms for
congruent trials, M = 534 ms for incongruent trials), t(44) = .16,
SE = 9.90, p = .876. Critically, although participants made moreﬁxations on incongruent targets than on congruent targets (with
equivalent durations, leading to longer viewing time), there was
no signiﬁcant difference between conditions in target reﬁxation
rates (i.e., the proportion of trials in which the participant ﬁxated
the target item, ﬁxated a different item, and then ﬁxated the target
item again) between congruent (M = 22.9%) and incongruent trials
(M = 24.3%), t(44) = .92, SE = 1.63, p = .364. The fact that reﬁxations
did not account for the increase in the number ﬁxations on the tar-
get for incongruent trials over congruent trials suggests that rather
than missing the target and continuing search (re-ﬁxating the tar-
get later), participants instead spent more time scrutinising the
target before identifying it, ﬁxating the target multiple times in se-
quence. This scrutinising behaviour was qualiﬁed by examining the
probability that the participants’ ﬁrst ﬁxation of the target item
landed on the region depicting a meaningful object (as opposed
to the region depicting a less meaningful shape) for congruent
and incongruent targets. Participants were signiﬁcantly more
likely to ﬁrst ﬁxate the non-meaningful region of incongruent tar-
gets (M = 45.8%) than congruent targets (M = 37.3%), t(44) = 5.01,
SE = 1.69, p < .001.
4.4. Discussion: Experiment 3
In Experiment 3, our primary goal was to further elucidate the
segmentation-congruency effect in RTs through the analysis of
eye ﬁxation behaviour. The main ﬁndings can be summarised as
follows:
(1) Consistent with Experiment 1 and 2, we replicated the seg-
mentation-congruency effect.
(2) We found that the segmentation-congruency effect was not
strongly present in either the overall number of ﬁxations
made on each trial type, or in the average duration of these
ﬁxations. Instead, the effect emerged as subtle increases in
both measures, as conﬁrmed by the presence of the effect
in total viewing time for each trial (obtained by multiplying
the average ﬁxation duration by the total number of ﬁxa-
tions on a given trial).
(3) The segmentation-congruency effect was not present in the
time to ﬁrst ﬁxation of the target, but rather in the time from
ﬁrst ﬁxation of the target to the response.
(4) The duration of target ﬁxations was equivalent across con-
gruent and incongruent trials, but participants made signif-
icantly more ﬁxations on the target for incongruent trials
compared to congruent trials; there was no difference in tar-
get misses and reﬁxations between congruent and incongru-
ent trials.
(5) When participants initially ﬁxate the target, they ﬁrst exam-
ine the less meaningful shape (i.e., the region not depicting a
meaningful object) more often on incongruent trials than on
congruent trials.
Taken together, these data suggest that participants ‘found’ (but
did not recognise) the target just as quickly on congruent and
incongruent trials. However, compared to congruent trials, on
incongruent trials, participants were more likely to direct their
attention towards the non-meaningful region of the target (which
shared the colour of the meaningful region of the distractors), and
possibly as a result, spent longer scrutinising the target before con-
ﬁrming it as the target they were searching for. Speculatively, this
increased viewing time of the target may represent a corrective
process after initially parsing the incongruent target incorrectly.
We suggest that, as search proceeds, a parsing bias (based on col-
our similarity) may be acquired by the repeated exposure to, and
parsing of, distractor items. On incongruent trials, this parsing bias
based on colour similarity is at odds with segmentation based on
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number of target ﬁxations (without longer target ﬁxations, or tar-
get misses and reﬁxations) may represent resolution of this
conﬂict.
5. Concluding comments
Here we explored the role of ﬁgure-ground segmentation dur-
ing visual search. In three experiments, we found that participants
were signiﬁcantly slower to detect targets whose meaningful re-
gions were coloured incongruently with the meaningful regions
of the distractors; we refer to this as a segmentation-congruency
effect. Furthermore, we found that the segmentation-congruency
effect was reduced when the number of distracting contextual
items in the display was reduced (Experiment 2), suggesting that
the effect depends on the number of distractors in the display –
commensurate with increasing bias as a function of increasing
exposure. Lastly, in Experiment 3 we observed that the segmenta-
tion-congruency effect emerges only after the target is ﬁxated for
the ﬁrst time, and that the effect is characterised by a longer view-
ing of targets in incongruent than congruent contexts, likely
reﬂecting a hampered ﬁgure-ground segmentation of targets on
incongruent trials.
The present results suggest that several parsing mechanisms
interact to determine how elements of the visual ﬁeld are seg-
mented into ﬁgures and ground during visual search. We speculate
that because most objects in our everyday environments have
meaning and are familiar to us, ﬁgure-ground segmentation of
each region of the visual environment might initially be partly
based on meaningfulness (though other ﬁgural cues certainly also
play a role), biasing the known and relevant objects to be more
likely parsed as ﬁgures and the ‘negative space’ between objects
(or the less relevant objects) to be more likely parsed as ground.
This segmentation of local regions based (partly) on meaningful-
ness and relevance might then interact with segmentation based
on visual similarity to contextual ﬁgural items present in other re-
gions. That is, regions not yet parsed that have visually similar fea-
tures to the regions already parsed as ﬁgure, might be more likely
to also be parsed as ﬁgure. On the incongruent trials in our exper-
iment, we put segmentation of the target region based on meaning
and segmentation based on visual similarity to contextual ﬁgures
in conﬂict, and found that this conﬂict leads to less efﬁcient search
and slower detection of the target. Of course, we acknowledge that
ﬁgure-ground segmentation is based on numerous ﬁgural-cues, of
which meaningfulness is just one (Peterson, 1994); here, we sim-
ply highlight the possible roles of meaning and visual similarity.
Finally, we note that the present ﬁndings extend studies of both
ﬁgure-ground segmentation and visual search. With regard to ﬁg-
ure-ground segmentation, our studies build on previous demon-
strations of the impact of context on ﬁgure-ground segmentation
(Lamme, 1995; Peterson & Salvagio, 2008). Speciﬁcally, our ﬁnd-
ings show that in some cases, ﬁgure-ground parsing of a target re-
gion based on visual similarity to contextual ﬁgures initially
trumps segmentation based on meaning/familiarity. With regard
to visual search, our ﬁndings extend a growing body of work show-
ing that Gestalt perceptual grouping principles play an important
role in visual search. Early studies demonstrated that inter-item
grouping based on the principle of feature similarity (e.g., Duncan
& Humphreys, 1989; see also Wolfe, 1994) or common motion
(e.g., McLeod, Driver, & Crisp, 1988) is a strong determinant of
search efﬁciency. Later studies using three-dimensional objects
(e.g., Enns & Rensink, 1990) and Mueller-Lyer stimuli (Rensink &
Enns, 1995) showed that grouping of elements within search items
(i.e., ‘‘low-level intra-item grouping;’’ Rensink & Enns, 1995, p.
118) also matters, whereby groupings of elements that connote
scene-based properties (i.e., lighting direction; the protrusion orrecession of edges) can inﬂuence the efﬁciency of search. Here
we build on these prior ﬁndings by demonstrating that ﬁgure-
ground segmentation in various regions of a search space can also
affect the search process, and is inﬂuenced both by prior knowl-
edge (meaningfulness) and by inter-item similarity (congruency).
These ﬁndings are consistent with growing recognition of the role
of expectancies in shaping visual perception, even at relatively low
levels of the visual hierarchy (e.g., Rao & Ballard, 1999;
Summerﬁeld & Egner, 2009; see also Friston, 2010).Acknowledgments
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